it has been universally acknowledged that interleukin-37 (il-37) has an immunosuppressive effect on various inflammatory disorders. However, whether IL-37 participates in the acute inflammation associated with coronary heart disease (CHD) has not yet been clarified. In the present study, the association between the serum levels of il-37 and the clinical indexes of CHD were analysed. In addition, the anti-inflammatory effects of IL-37 on peripheral blood mononuclear cells (PBMCs) were studied in CHD patients. PBMCs from 46 healthy controls (HCs) and 92 CHD patients were cultured in vitro and stimulated using the recombinant il-37 protein. The protein levels, as well as the mRNA expression of inflammatory cytokines (TNF-α, il-1β, il-6, and il-17) were analysed by enzyme-linked immunosorbent assay (ELISA) and real-time polymerase chain reaction (RT-PCR). Spearman's correlation test was performed to examine the association between the serum level of il-37 and the levels of pro-inflammatory cytokines, certain clinical indexes, and disease activity during CHD. Compared to the HCs, the CHD patients, especially those with acute myocardial infarction, exhibited higher levels of il-37 in their PBMcs and sera. Serum levels of IL-37 were associated with the levels of IL-17, IL-6, and TNF-α, and clinical indexes such as the left ventricular ejection fraction (LVEF), amino-N-terminal pro-plasma brain natriuretic peptide (nT-proBnP) levels, and cardiac troponin T (cTnT) levels in CHD patients. Compared to the HC group, the production of inflammatory cytokines such as IL-17, IL-6, TNF-α, and il-1β increased in the PBMCs of CHD patients and significantly decreased after the stimulation of the cells with recombinant IL-37. The IL-37 levels in CHD patients were high, and were correlated with the levels of CHD-related pro-inflammatory cytokines and disease activity. Notably, the expression of CHD-related pro-inflammatory cytokines in the PBMCs of CHD patients decreased following the stimulation of the cells with recombinant IL-37, indicating that IL-37 exerts anti-inflammatory effects during CHD.
Introduction
Coronary heart disease (CHD) refers to a group of diseases involving acute myocardial infarction (aMi), stable angina pectoris (SAP), and unstable angina pectoris (UAP). CHD may trigger heart attacks, heart failure, arrhythmia, and even sudden cardiac death (1) . Accumulating evidence has
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underlined that inflammatory responses are involved in the overall pathological process of CHD, including the development of atherosclerosis, thrombus formation, and the ischemia of cardiomyocytes during heart attack (2, 3) .
Recent studies have demonstrated that multiple inflammatory cells participate in the nosogenesis of CHD, especially peripheral blood mononuclear cells (PBMCs) (4) (5) (6) (7) (8) . In addition, numerous inflammatory cytokines lead to the inflammatory response associated with CHD, including IL-17, IL-6, TNF-α, and il-1β (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . However, the specific mechanism underlying the inflammatory activity in CHD has not yet been defined. A previous study undertaken by our research group revealed that il-37 participates in peripheral tolerance during systemic lupus erythematous (Sle) through the regulation of the inflammatory cytokines IL-6 and TNF-α (20) . Moreover, Boraschi et al revealed that il-37 is highly expressed in human atherosclerotic plaque foam cells, indicating that il-37 may be involved in the nosogenesis and progression of CHD (21) .
il-37, a human cytokine that has recently received an increasing amount of attention, has been revealed to have a broad protective effect against diseases caused by inflammatory responses (21, 22) . It has been confirmed to be involved in many chronic inflammatory diseases such as SLE and plays a role as an anti-inflammatory cytokine in these diseases by downregulating the expression of pro-inflammatory cytokines (20) . As for coronary heart diseases, on the one hand, it was reported that il-37 was increased in patients with arterial calcification, a predictor of coronary heart events (23) . On the other hand, in an animal experiment, treatment with il-37 in old endotoxemic mice could improve cardiac function via suppression of myocardial inflammation (24) . However, it is unclear how the anti-inflammatory properties of IL-37 occur during cardiovascular diseases, especially CHD.
In the present study, the role of IL-37 in CHD was elucidated. The mRNA expression and protein levels of IL-37 in the PBMCs of CHD patients were examined compared to those in the healthy controls (HCs). Moreover, the laboratory characteristics and the correlation between the serum levels of IL-37 and clinical manifestations of CHD were analysed. The expression levels of the pro-inflammatory cytokines IL-17, IL-6, TNF-α, and il-1β in PBMcs with or without stimulation using the recombinant il-37 protein were detected to further explore the function of IL-37 in CHD.
Materials and methods
HCs and CHD patients. Ninety-two CHD patients admitted to Peking University Shenzhen Hospital, Shenzhen, China from March 2018 to September 2018, including thirty patients with aMi, thirty-one patients with uaP, and thirty-one patients with SAP, were enrolled for this study.
All patients were diagnosed and classified according to the clinical evidences of CHD, including their symptoms, history, electrocardiogram, echocardiography, coronary angiography, and blood tests of myocardial enzymes. The nomenclature and criteria for the diagnosis of ischemic heart disease were considered the diagnostic criteria for each patient (25) . Forty-six age-and sex-matched healthy volunteers from the physical examination department of the same hospital were enrolled in this study as HCs. Participants who had autoimmune diseases, infections, malignant tumours, or other chronic inflammatory diseases were excluded from the study. Table I reveals the  clinical and laboratory characteristics of the study subjects. This research was conducted with the approval of the review Board of the Peking University Shenzhen Hospital; written informed consent was obtained from all the participants.
Blood sample collection and PBMC isolation. Fasting venous blood (3 ml per subject) was obtained from the CHD patients and HCs. Blood samples were collected and analysed within 3 h. PBMCs were isolated under sterile conditions via Ficoll-Paque Plus (TBD Science) density gradient centrifugation. The collected cells were stored at -80˚C before RNA extraction or before they were cultured. The serum samples were also stored at -80˚C before the detection of the cytokines.
Recombinant human IL-37 protein. in a previous study by our laboratory, the human recombinant il-37 protein had been successfully cloned, described, and purified, and its functions have already been confirmed (20) .
Cell culture conditions. The culture medium consisted of RPMI-1640 medium (Hyclone; Thermo Fisher Scientific, Inc.) supplemented with 100 iu/ml penicillin, 100 µg/ml streptomycin (Beyotime institute of Biotechnology), and 10% foetal calf serum (Gibco; Thermo Fisher Scientific, Inc.). Whole PBMCs were cultured at 37˚C under a humidified atmosphere containing 5% co 2 . To determine the mRNA expression levels of the cytokines, the PBMCs from both the CHD patients and HCs were divided into two groups. The PBMC samples were left untreated or stimulated with 100 ng/ml recombinant IL-37 for 6 h. Then, the samples were further incubated with 1 µg/ml LPS for 4 h. After the extraction of the total RNAs, rT-Pcr was used to analyse the transcription levels of the cytokines. To analyse the protein levels of the cytokines in the PBMcs, the cells were left untreated or treated with human recombinant il-37 (100 ng/ml) for 24 h, and then incubated with 1 µg/ml LPS for 8 h. For the subsequent cytokine analysis using eliSa, the culture supernatants were collected and stored at -80˚C (26) .
RNA extraction and real-time polymerase chain reaction (RT-PCR)
. according to the manufacturer's protocol, Trizol (Invitrogen; Thermo Fisher Scientific, Inc.) was used to extract the total RNA from the PBMCs. The purity and quantity of RNA were defined based on the absorbance of the samples on an epoch 18 multi-volume Spectrophotometer System (BioTek Instruments, Inc.) at 260 and 280 nm. Samples with od260/280 ratios ranging from 1.8-2.0 were selected for the subsequent reverse transcription reaction. The RNAs were reverse-transcribed into cdnas using the iScript™ cdna Synthesis kit (Thermo Fisher Scientific, Inc.), following the manufacturer's instructions. RT-PCR analyses were performed using a SYBR Green PCR kit and CFX96 Real-Time PCR system (both from Bio-Rad Laboratories, Inc.). PCR primers (Shanghai Sangon Pharmaceutical Co., Ltd.) used for RT-PCR were as follows: For actin-β sense, 5'-ccT Gac TGa cTa ccT caT Gaa GG-3' and anti-sense, 5'-cGT aGc aca GcT TcT ccT Ta-3' (reverse); il-37 sense, 5'-cGG ccc TTc aTc TTT TaT aGG-3' and anti-sense, 5'-TTT aTc TGT cac ccc aac AGG-3' (reverse); TNF-α sense, 5'-acc TcT cTc Taa Tca Gcc cTc T' and anti-sense, 5'-GGG TTT GcT aca aca TGG GcT a-3' (reverse); il-1β sense, 5'-cca caG acc TTc caG GaG aaT-3' and anti-sense, 5'-GTG cac aTa aGc cTc GTT aTc c-3' (reverse); il-6 sense, 5'-aGc cac Tca ccT cTT caG aac-3' and anti-sense, 5'-aca TGT cTc cTT TcT caG GGc-3' (reverse); il-17 sense, 5'-GTc aac cTG aac aTc caT aac c-3' and anti-sense, 5'-Gca cTT TGc cTc cca GAT-3' (reverse). The relative mRNA levels of the target genes were calculated by the 2 -ΔΔcq method (27) , with normalisation to the mrna expression levels of β-actin (the internal reference gene).
ELISA kits. The serum il-37 levels were detected using a commercially available enzyme-linked immunosorbent assay (ELISA) kit (AdipoGen Life Sciences). The levels of the cytokines IL-17, IL-6, TNF-α, and il-1β in the sera and cell culture supernatants were determined using the eBioscience ELISA Kit (Thermo Fisher Scientific, Inc.), following the manufacturer's instructions.
Statistical analysis. data were represented as the mean values [± standard deviations (Sds)], and were analysed using the GraphPad Prism V.5.00 software (GraphPad Software, Inc.). Differences between two groups were analysed using the Mann-Whitney U-test for nonparametric data, while the differences between the samples left unstimulated or those stimulated with human recombinant il-37 were analysed using the Wilcoxon rank sum test. The association between the serum il-37 levels and clinical indexes, as well as the serum cytokine levels, was calculated by performing Spearman's correlation test. For all experiments, P<0.05 was considered to indicate a statistically significant difference.
Results
Increased expression of IL-37 mRNA in PBMCs from CHD patients, especially AMI and UAP patients. To study the correlation between CHD and the IL-37 levels, RT-PCR was performed to detect the il-37 mrna expression in PBMcs from the CHD patients and HCs. The results indicated that the expression of IL-37 mRNA in the PBMCs from the HCs was lower than that in the PBMCs from the CHD patients ( Fig. 1A) . Then, the il-37 mrna expression levels in the PBMcs from the different CHD patients, such as AMI, UAP, and SAP patients, were analysed. Compared to the SAP patients, a marked increase of the il-37 mrna levels was observed in the AMI and UAP patients, while no significant difference between the il-37 mrna levels of the aMi and uaP patients was observed. However, compared with the HCs, there was a significant upregulation of the IL-37 mRNA expression in the aMi and uaP patients, while no difference between the IL-37 mRNA levels of the HCs and SAP patients was observed ( Fig. 1A) .
Increased serum IL-37 levels in CHD patients, especially AMI and UAP patients. As revealed in Fig. 1B , the serum IL-37 protein levels were notably lower in the HCs than in the CHD patients. Subsequently, the CHD patients were divided into different groups, including the aMi, uaP, and SaP groups to analyse the data. The serum IL-37 protein levels revealed the following trend: AMI group > UAP group > SAP group, which was consistent with the disease severity observed in the cases of the patients from each group. Furthermore, compared to the HCs, a significant increase of the serum IL-37 levels was observed in the AMI and UAP patients, while no significant difference between the serum il-37 levels of the SaP patients and HCs was observed ( Fig. 1B) .
Association between the serum IL-37 levels and clinical indexes in CHD patients. Subsequently, the latent association of the il-37 levels with the clinical indexes, including the left ventricular ejection fraction (LVEF), amino-N-terminal pro-plasma brain natriuretic peptide (nT-proBnP) levels, and cardiac troponin T (cTnT) levels, was analysed. The results indicated that the serum il-37 levels were positively associated with the nT-proBnP (Fig. 2B, r= 0 .3356, P= 0.0011) and cTnT levels ( Fig. 2A; r=0 .3596, P=0.0004). In addition, there was a significant negative association between the serum IL-37 levels and the LVEF (Fig. 2C, r=0 .3241, P=0.0016). However, there was no correlation between the serum il-37 levels and the triglyceride (TG), cholesterol (CHOL), high-density lipoprotein (HDL), or low-density lipoprotein (LDL) levels (Table II) .
The levels of pro-inflammatory cytokines are higher in CHD patients. Previously published studies have revealed that il-17, IL-6, TNF-α, and il-1β have a major effect on the nosogenesis of CHD (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . The results obtained in the present study were consistent with this finding. As anticipated, the serum levels of IL-17, IL-6, TNF-α, and il-1β were significantly higher in the CHD patients than in the HCs (Fig. 3A-D) .
Correlation between the serum IL-37 and pro-inflammatory cytokine levels. Spearman's correlation test was performed to explore the correlation between the il-37 levels and il-17, IL-6, TNF-α, and il-1β levels in CHD patients. The results indicated that the serum il-37 levels were positively associated with the serum levels of TNF-α (Fig. 4A, r=0 .3215, P= 0.0018), IL-6 ( Fig. 4C, r= 0 .2412, P= 0.0206), and IL-17 ( Fig. 4D, r=0 .2537, P=0.0147). However, there was no significant correlation between the serum levels of il-37 and il-1β (Fig. 4B, r=0 .1288, P=0.2209) in the CHD patients. Recombinant IL-37 decreases the expression of pro-inflammatory cytokines in the PBMCs of CHD patients. it has been reported that IL-37 exerts an anti-inflammatory effect on inflammatory and auto-immune diseases through the downregulation of inflammatory responses (20, 28, 29) .
To verify whether il-37 can reduce the expression levels of pro-inflammatory cytokines during CHD, a series of tests were performed. First, the recombinant human IL-37 protein was expressed and purified via previously described methods (20) . Next, the PBMCs isolated from the CHD patients and HCs were left untreated or stimulated with recombinant IL-37, and then stimulated with LPS. The culture supernatants and cells were collected for the rT-Pcr and ELISA analysis, respectively. It was concluded that the mRNA expression levels of TNF-α ( Fig. 5A ), IL-1β ( Fig. 5B ), IL-6 ( Fig. 5C ), and IL-17 ( Fig. 5D ) in the PBMCs of CHD patients were significantly reduced by IL-37 treatment. additionally, il-37 treatment significantly decreased the secreted amounts of TNF-α ( Fig. 5E ), IL-1β ( Fig. 5F ), IL-6 ( Fig. 5G) , and IL-17 ( Fig. 5H ) in the culture supernatants of the PBMCs from the CHD patients. However, the mRNA and protein levels of these pro-inflammatory cytokines in the PBMCs from the HCs exhibited no significant changes after IL-37 stimulation ( Fig. 5A-H) .
Discussion
recently, il-37 has been widely discussed as a cytokine with anti-inflammatory effects in various diseases, including autoimmune diseases, infectious diseases, metabolic diseases, and ischemia-reperfusion injury (20) (21) (22) (28) (29) (30) (31) (32) . Referring to coronary heart events, plasma il-37 concentrations were increased in patients with coronary artery calcification, indicating that IL-37 may be a predictor of CHD (24, 33) . A previous animal experiment indicated that IL-37 could attenuate inflammatory response and thus protected cardiac function in old endotoxemia mice (25) . In addition, our previous studies have confirmed that IL-37, an immune mediator, can restrain the inflammatory responses associated with autoimmune diseases such as ankylosing spondylitis (aS), Sle, and Graves' disease (GD) (20, 26, 34) . However, how IL-37 is involved in heart diseases, especially CHD, is still unknown. although the understanding of the pathological mechanism in CHD is limited, previously published research has indicated that CHD is a chronic inflammatory disease, based on the observation of atherosclerosis. Numerous pro-inflammatory cells and cytokines have important effects on the nosogenesis of CHD. Previous studies have demonstrated that mononuclear macrophages, especially PBMcs, are closely related to the development of CHD (8, 35) . After long-term dyslipidaemia, monocytes from PBMcs will enter the intima and transform into macrophages. After engulfing the lipids, these macrophages transform into foam cells, thus forming the early atherosclerotic plaques; thus, they play an important role in acute CHD. Boraschi et al have revealed that il-37 is highly expressed in human coronary atherosclerotic plaque foam cells, indicating that il-37 is also involved in the process of CHD (21) . In the present study, it was demonstrated that IL-37 is involved in CHD by revealing that the IL-37 mRNA expression and the serum IL-37 levels were significantly higher in CHD patients than in the HCs.
In addition, the CHD patients were divided into AMI, UAP, and SAP groups according to the CHD disease activity; it was revealed that the serum il-37 protein levels were associated with the severity of clinical symptoms in the CHD patients (based on the trend of the IL-37 levels: AMI group > UAP group > SAP group). Furthermore, the present data revealed the correlation between the levels of il-37 and several useful markers of the CHD disease activity, such as the cTnT levels, NT-proBNP levels, and LVEF. Clinically, increased cTnT levels indicate myocardial ischemia, while elevated nT-proBnP levels and decreased LVEF values indicate cardiac insufficiency. In most instances, the more abnormal the levels of the aforementioned indicators, the more active and severe the CHD. Thus, these results also indicated that IL-37 was correlated with the activity and severity of CHD.
A number of cytokines, including TNF-α, il-17, il-6, and il-1β, have been detected in the development of CHD (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . In the present study, increased serum levels of TNF-α, il-17, il-6, and il-1β were also observed in CHD patients, compared with the HCs. Notably, the IL-37 levels were positively associated with the levels of these major pro-inflammatory cytokines in CHD patients. However, there was no significant difference among the subgroups of CHD (AMI, UAP, and SAP groups). These results were consistent with the findings of our prior research on autoimmune diseases such as aS, Sle, and Gd (20, 26, 34) , which revealed that pro-inflammatory cytokines were positively correlated with il-37 production in inflammatory response. As for why there was no significance among subgroups of CHD, it is surmised that the sample size should be larger and thus differences in each subgroup may be exhibited between groups. In addition, the classification of aMi, uaP and SaP is according to clinical evidence of CHD, including their symptoms, history, electrocardiogram, echocardiography, coronary angiography, and blood tests of myocardial enzymes. These three subgroups are not strictly classified according to the course of disease onset and thus Table II . Correlation between the IL-37 levels and the pro-inflammatory cytokines levels as well as the clinical indexes for CHD.
Parameters
Correlation coefficient (r) P-value the levels of inflammatory factors are not necessarily different in each group. In summary, the results of the present study indicated that the inflammatory reactions associated with CHD and the related pro-inflammatory cytokines are probably involved in a positive feedback to induce the expression of il-37 during CHD-related complications. Moreover, it has been revealed that IL-37 levels can be induced by TNF-α through the activator protein (aP)-1 signalling pathway and activation of the TNF-α pathway (37, 38) . In another study, siRNA knockdown of il-37 in PBMcs increased the production of il-6 and TNF-α induced by inflammatory stimuli (39) . Therefore, it is speculated that the inflammatory signals resulting from the TNF-α pathway induce the expression of the cytokine il-37, which serves as an inhibitor of excessive inflammation, and thus attenuates the inflammatory response in CHD. Further studies are required to clearly determine the role of the TNF-α pathway in regulating the expression of IL-37.
The aforementioned results could be classified into 3 types of parameters that are closely related to CHD: Pro-inflammatory cytokines (IL-17, IL-6, TNF-α and il-1β), variables related to cardiac function clinically (cTnT, NT-proBNP and LVEF) as well as biochemical variables related to lipid profiles (cholesterol, triglyceride, low-density lipoprotein and high-density lipoprotein). These parameters contain the laboratory findings and clinic assessments, which are commonly used in the study of cardiovascular diseases. However, it is unknown whether IL-37 reflects arterial calcification or not. Additionally, the area of arterial plaques is the most frequently used index reflecting the degree of atherosclerosis of CHD. Since it is difficult to assess the arterial plaque areas of all patients, an animal experiment is required to determine whether il-37 can delay the formation of arterial plaque. In a future study, animal experiments will be performed to assess the area of arterial plaque and serum calcium level as well as the level of osteoprotegerin which may reflect arterial calcification. These experiments can further investigate whether il-37 can protect against the process of arterial calcification and formation of arterial plaque in CHD.
Recently, IL-37 was revealed to reduce pro-inflammatory cytokine production in inflammatory diseases, acting as a negative regulator of inflammation (20, 26, 34, 40) . To further analyse the effects of IL-37, PBMCs from CHD patients and HCs were stimulated using recombinant human IL-37. In the present study, treatment with recombinant IL-37 significantly decreased the expression of IL-17, IL-6, TNF-α, and il-1β in LPS-stimulated PBMCs from the CHD patients, but no such decrease in the levels of these pro-inflammatory cytokines was observed in the LPS-stimulated PBMCs from the HCs. Despite the elusive inhibition of pro-inflammatory cytokine-related signalling pathways by il-37, nold et al have reported that the expression of STaT3 can be decreased by il-37 (22); STaT3 has been reported to be closely associated with CHD (41, 42) . in addition, il-37 can form functional complexes with Smad3 (a mothers against decapentaplegic related-protein) to inhibit the activity of signaling molecules STaT3 by reducing the phosphorylation of STaT3, which is a key player in the signaling transduction of pro-inflammatory cytokines (43, 44) . Thus, it is inferred that il-37 may attenuate the production of pro-inflammatory cytokines by inhibiting the phosphorylation of STAT3, in order to reduce the inflammatory reactions associated with CHD. However, it is uncertain whether IL-37 could directly inhibit phosphorylation of STaT3 or reduce upstream kinases indirectly.
These findings provide a new perspective for addressing the balance between the levels of pro-inflammatory cytokines and IL-37 in cardiovascular diseases such as CHD. However, further research on the mechanisms underlying the function of IL-37 in the pathogenesis of CHD is required in the future. in summary, the present results indicated that the expression of the pro-inflammatory cytokines IL-17, IL-6, TNF-α, and il-1β in CHD patients was promoted due to the activation of the inflammatory response. Furthermore, the levels of IL-37 were increased in CHD patients, and they are associated with the expression of pro-inflammatory cytokines, disease activity, and certain clinical indexes. This study proposed that in the presence of the inflammatory response associated with CHD, both pro-inflammatory and anti-inflammatory activities are activated concurrently.
increased levels of il-37 were positively associated with pro-inflammatory cytokines (IL-17, IL-6, and TNF-α) in patients with CHD, resulting in the efficient alleviation of the expression of these pro-inflammatory cytokines. This finding indicates that il-37 can restrain excessive inflammation during CHD. It maintains the balance of the immune response by mitigating the expression of pro-inflammatory factors. Thus, it exerts an anti-inflammatory effect in CHD. The present research indicated that il-37 may be used as a clinical indicator to monitor the condition of CHD patients, guide their treatment, or determine their prognosis in the future. In addition, this study offers a new potential target (il-37) for CHD therapy. The association between IL-37 and CHD will further be studied to explore new research directions for the prevention and treatment of CHD.
